We analyze if and to what extent fundamental macroeconomic factors, temporary influences or more structural factors have contributed to the low levels of US bond yields over the last few years. For that purpose, we start with a general model of interest rate determination. The empirical part consists of a cointegration analysis with an error correction mechanism. We are able to establish a stable long-run relationship and find that the behavior of bond yields, even during the last two years, can well be explained. Alongside the more traditional macroeconomic determinants like core inflation, monetary policy and the business cycle, we also include foreign holdings of US Treasuries. The latter should capture the frequently mentioned structural effects on long-term interest rates. Finally, our bond yield equation outperforms a random walk model in different forecasting exercises.
Introduction
Long-term interest rates in Europe and in the US fell to all-time lows in the last few years.
And despite a rebound, they still have been traded at historically low levels in 2006, especially in the US. This is even more remarkable as the economic environment during the same time has been unfavorable for Treasuries: The US economy has so far been growing above trend, the Fed has raised its target rate several times and core inflation has been increasing since 2004.
In his February 2005 testimony before the Committee on Banking, Housing, and Urban Affairs of the U.S. Senate, Alan Greenspan asserted: "For the moment, the broadly unanticipated behavior of world bond markets remains a conundrum. Bond price movements may be a short-term aberration, but it will be some time before we are able to better judge the forces underlying recent experience." In the monthly report of April 2005, the ECB also stated that macroeconomic fundamental factors alone cannot explain the development of long-term interest rates and pointed to structural factors that are behind recent bond market developments. "A number of changes in the regulatory environment for pension funds and life insurance corporations appear to be under way in the euro area and the United States, which aim to reduce the problems of mismatches between the duration of their assets and liabilities.
It is generally perceived that these regulatory changes will favor the purchase of bonds over other asset classes by pension funds and life insurance corporations." (ECB, 2005, 23) . As a result of these changes and anticipatory effects of the proposed legislation, there may have been an increase in the structural demand for bonds of longer maturities from institutional investors which contributed to a bullish market.
While some of these more structural factors point to a possible permanent change in longterm real interest rates, there are hints that other, more temporary market influences related to speculative behavior may have played a role, too. The alleged widespread use of so-called carry trades -borrowing at low short-term interest rates and investing in higher yielding, longer-term maturities -appears to exploit market trends, and thus may have amplified the downturn in long-term interest rates. Speculative flows of this sort, however, are likely to be * We thank seminar and workshop participants of the ROME network, the Institute of the German Economy and the Bayerische HypoVereinsbank as well as D. Dakshaw and B. Schnatz for helpful comments. The views expressed here are those of the authors and do not necessarily represent those of the Bayerische HypoVereinsbank AG.
reversed at some point and hence should not have a permanent effect on the level of long-term interest rates. In addition, as Bernanke et al. (2004) pointed out, the massive purchases of government bonds by Asian central banks probably have had a significant impact on longterm bond yields in the US. According to the ECB (2006) , quantitative estimates about the yield impact of foreign reserve accumulation ranges from 30 to 200 basis points.
Moreover, recent empirical papers find tentative evidence that structural factors are at work. Clostermann and Seitz (2005) developed a traditional US-bond yield model driven by monetary policy, the business cycle and inflation expectations. Although the out-of-sample performance of their model was good, they conclude that, "there are hints of some instabilities in the last years". Kozicki and Sellon (2005, 29) suggest "that the key factor behind the conundrum is a large reduction in the term premium." Bandholz (2006) shows that the unexplained part of his US bond model increases to values not seen in the past when data for 2006 are included. Moreover, Rudebusch et al. (2006) confirm on the basis of empirical noarbitrage macro-finance models of the term structure "that the recent behavior of long-term yields has been unusual -that is, it cannot be explained within the framework of the models."
On the other hand, Fels and Pradhan (2006) find that a conundrum no longer exists. They state that "a drop of bond yields below their fair value such as the one seen last year did not represent a break with past pattern and, as such, did not require a new paradigm to explain it.
In fact, our statistical tests suggest that the relationship between bond yields and our three fundamental factors (i.e., the real federal funds rate, inflation expectations and inflation volatiltiy, BCS) did not change significantly in recent years. And, as in previous episodes of overvaluation in the bond market, actual bond yields eventually corrected since the fall of 2005, rising towards their fundamental fair value."
To find out whether fundamental macroeconomic, temporary or more structural factors have been at work we proceed as in Clostermann and Seitz (2005) . First, we discuss which fundamentals should theoretically determine bond yields. These are essentially the three macroeconomic factors identified by Dewachter and Lyrio (2006) and Diebold et al. (2006) The first three variables are also the main determinants of nominal yields on one-year Treasury bills in Mehra (1995) in a sample from 1955 to 1994. This is exactly the macroeconomic interpretation of Dewachter and Lyrio (2006) of the three latent factors often found in standard finance models of the yield curve.
for the yield of 10Y Treasuries which we compare to actual developments to get an idea of the magnitude of the evolving disequilibrium. This helps to answer the question whether the bond market overvaluation in 2005/06 has been unusually strong in a historical context.
Furthermore, we perform some out-of-sample forecasting exercises of our preferred model and compare it to a random walk model.
The existing empirical literature approaches the problem of bond yield determination in four different ways. The first strand of literature looks for fundamental factors as explanatory variables (see, e.g., Mehra, 1995; Caporale and Williams, 2002; Brooke et al., 2000; Durré and Giot, 2005) . The second approach uses high-frequency (in most cases daily) data to analyze the reaction of yields to news or announcements (see, e.g., Monticini and Vaciago, 2005; Demiralp and Jordà, 2004) . The third kind of models discusses the international transmission of shocks with respect to bond markets (see, e.g., Ehrmann et al., 2005) . And, finally, the fourth approach combines bond yield modeling strategies from a finance and macroeconomic perspective to get a comprehensive understanding of the whole term structure of interest rates (e.g. Dewachter and Lyrio, 2006; Diebold et al., 2006) . Our view is a synthesis of especially 1 and 3, but also partly borrows from 4.
What determines interest rates? Some theory
Generally, interest rates should be determined by the supply of and the demand for loanable funds and their determinants including the production opportunities in the economy (depending on technological developments), the rate of time preference, risk aversion and the See for a prototype model in this spirit Christiano et al. (2005) .
defining that influence which gives us the term or risk premium in r l t (Caporale and Williams, 2002, 121 Paesani et al. (2006) analyze the fiscal position. Jordá and Salyer (2003) ask whether the liquidity situation helps to explain bond yields (see also ECB, 2005, 23) . Durré and Giot (2005) investigate whether stock market variables are responsible for bond market developments. We decided to include an indicator variable which has already been considered in the past, but in a different way than we do (see Warnock and Warnock, 2005; Wu, 2005; Frey and Moëc, 2005) . It refers to a changing structural demand by foreigners for US Treasuries. A more concrete description and discussion are provided in section 3.1.
(1) and (2) are specified in real terms. Two problems arise in this context (Caporale and Williams, 2002, 122) . First, real rates are not directly observable but have to be proxied for empirical work. Second, the strength of the effect of expected inflation on nominal long-term rates (i l ) is ambiguous. It might be a one-to-one relationship if the Fisher effect holds. This is the case in all models in which the real interest rate does not depend on monetary variables and monetary neutrality holds. It is violated, however, in models where an increase in expected inflation lowers the real interest rate (e.g. Tobin, 1965) . Even a greater than one-toone relationship is possible as in Tanzi (1976) . Therefore, we change (2) and leave the exact where α 0 is a constant and ε t is a white-noise error term.
Equations (3) and (4) This framework allows us to test empirically whether macroeconomic factors and/or structural factors and/or temporary factors are important determinants of interest rates. However, proper inference can only be drawn within an appropriate econometric framework. This will be discussed in the next section.
Estimation

The Data
In what follows, we estimate an equation for yields of 10Y US Treasuries from the mid 1980s until mid-2006. Thus, we concentrate mainly on the Greenspan era. On the right hand side, we distinguish between long-run influences and determinants of short-run dynamics. This split is done by economic reasoning and unit root tests. The short-term interest rate is the 3-month money market rate. Both interest rates are end-of-month data. End-of-month data have the advantage of incorporating all information of the respective month and, in contrast to monthly averages, do not introduce smoothness into the data which in turn leads to autocorrelation in the residuals (Gujarati, 1995, 405) . The two interest rates are shown in figure 1. We get slightly worse statistical results with the headline CPI measure. An alternative to our preferred measure of inflation expectations would be the difference between conventional and inflation-indexed bonds (TIPS). However, as the first TIPS have only been issued by the US Treasury in the late 90s, their use would significantly shorten our sample. We tried several other variables (e.g., the public debt and deficit situation, liquidity measures, stock market variables) which do not help to explain bond yields. Mehra (1995) also finds that fiscal policy measures do not affect bond yields once one controls for the effects of inflation expectations, monetary policy and real growth. In contrast, Paesani et al. (2006, 4) , who disregard output developments, conclude for Germany, Italy and the US that "a more sustained debt accumulation leads at least temporarily to higher long-term interest rates."
bond yields during the last two years. To quantify the influence of these factors, we include official and private foreign holdings of US Treasuries ("Treasury Securities") in percent of the overall federal debt ("total liabilities"). 6 The following figure 4 shows that, since the beginning of the Japanese FX market intervention in 2002, the external debt of the US in the form of Treasuries has increased considerably. Overall, the volume of Treasuries held by foreigners nearly doubled between 2002 and 2006 from USD 1,100 bn to USD 2,000 bn. This is equivalent to about 35% of Federal Government`s total liabilities. Our sample of monthly data runs from 1986:1 to 2006:6. All variables, except interest rates, the inflation rate and the foreign debt ratio, are in logarithms. The difference operator Δ refers to first (monthly) differences. 
Econometric analysis
Standard unit root tests suggest that most of our variables are I(1) in levels and stationary in first differences. 8 The only exception is the "ism" index which (in line with theoretical
6 Wu (2005) shows that it is not convincing to only concentrate on increases in purchases of US Treasury securities by foreign central banks.
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All data are available upon request and can alternatively be downloaded at http://freenethomepage.de/clostermann/data_us_bonds.xls.
8
Test results in detail are available from the authors upon request.
considerations) is identified as a stationary variable. Owing to the non-stationarity of the time series, the nominal long-term yield is estimated within a vector error correction model (VECM) based on the procedure developed by Johansen (1995; 2000) . This approach seems to be particularly suited to verify the long-term equilibrium (cointegration) relationships on which the theoretical considerations are based. The empirical analysis starts with an unrestricted VECM which takes the following form: Therefore, it seems reasonable to restrict the VECM to one cointegration relationship and, as the above mentioned unit root tests suggest, to include the indicator for the expected stance of the business cycle "ism" as a stationary (non-modeled exogenous) variable (with a lag length of 0 to 1) into the system. Hence, a VECM with the following structure is estimated: Owing to the weak exogeneity of the fundamentals, switching to a single equation error correction model (SEECM; Engle et al., 1983 , Johansen, 1992 e which enter the cointegration space, x is a vector of (stationary) regressors only entering short-run dynamics (in our case ism), α is the error correction term and ε is a white-noise residual. The significance of α is assessed according to the critical values of Banerjee et al. (1998) . Significance is taken as evidence of cointegration.
11 To obtain the standard errors and the t-statistics of the long-run coefficients ß, we estimate the Bewley transformation of the model (West, 1988) .
The bracket term of (7) with the variables in levels describes the cointegration relationship that has been normalized to the long-term interest rate. The lag length (m) is restricted to a maximum of four. A general-to-specific-modeling is pursued with the so-called backward procedure, i. e. insignificant coefficients (error probability > 5 %) have been successively deleted. The final regression reads as (absolute t-values in brackets below coefficients) The coefficients of the long-run relationship show the theoretically expected signs and are statistically significant at standard levels. They largely resemble those of the Johansen procedure. This is indicative of some stability irrespective of the applied econometric methodology. In the long run, a rise in core inflation has almost a 1-to-1-effect on the longterm interest rate (assuming that a rise in expected inflation increases the short run interest rate one to one). This might confirm the existence of the Fisher effect and is in line with Keeley and Hutchison (1986) who emphasize that this result could be due to monetary regime stability. The Greenspan era on which we concentrate in this paper obviously was 10 As Banerjee et al. (1986) have shown, this single equation model is superior to the two-step procedure of Engle and Granger (1987) as it avoids the small sample bias. Furthermore, this approach still yields valid results in the case of structural breaks (Campos et al., 1996) . Compared to Johansen's maximum likelihood procedure (Johansen, 1995; 2000) we restrict the number of cointegration relationships to one. But this seems justified according to the pre-tests within the Johansen framework.
characterized by such stability. The short-term interest rate also exerts a highly significant positive impact. This result points to the important role of monetary policy and arbitrage in determining long-term rates. The coefficient on i s indicates that a permanent rise in the shortterm interest rate of, say, 100 basis points will result in an increase of the long-term interest rate of 33 basis points. 12 Accordingly, the term structure is going to flatten with higher and to steepen with lower short-term rates (see also Diebold et al., 2006) . The less than proportional response of i l to i s in the US has also been detected by Ducoudré (2005) . The overall impact of the business cycle, measured by ism, on i l is positive, indicating that the effect via the supply of bonds is dominating (in line with Diebold et al., 2006) . The contemporaneous reaction of i l to ism is positive and highly significant. In the short-run, a contemporaneous 1% increase of the ism results in a 1.9 percentage point increase in i l . This value, being greater than 1, implies that the nominal interest rate is on average more volatile than expectations about the future development of the business cycle. The significantly positive relationship between i l and its first lag may be an indication that the interest rate is in the short run also driven by nonfundamental factors. This could be due to the market behavior of chartists and technical analysts (Nagayasu, 1999) whose interest rate forecasts are usually based on past interest rate movements.
The coefficient of the structural factor d is significantly positive. A value of 0.07 means that an increase of the debt ratio by 1 percentage point lowers the bond yield by 7 basis points. In the last four years, the amount of Treasuries held by foreigners increased by about 10 percentage points. This alone would have had a downward impact of 70 basis points on bond yields. This result is in line with Warnock and Warnock (2005) , Frey and Moët (2005) as well as Bernanke et al. (2004) . Longstaff (2004) , in contrast, argues that if US investors, who presumably may benefit more from the highly liquid Treasury market than many foreign holders of Treasury debt, suddenly begin to purchase Treasuries from these foreign holders, the yields on Treasuries should increase to reflect the increased popularity of holding Treasuries. However, he finds that this effect is only significant for maturities up to three years.
The coefficient of the error correction term is negative and highly significant. Thus, one condition for long-run stability is satisfied. The parameter estimate of -0.25 suggests a half- 11 The conclusions of Pesavento (2004) indicate that such kind of tests, if suitably specified, perform better than other cointegration tests in terms of power in large and small samples and are also not worse or better in terms of size distortions. 12 According to Poole (2005) the average historical relationship between the short and the long rate is about 0.30.
life of shocks of about two months. In other words, the gap between the long-term nominal interest rate and its equilibrium value is halved within two months after the occurrence of an exogenous shock. Within one year, the gap is accordingly reduced by over 97%.
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Breusch-Godfrey Lagrange multiplier tests (LM) do not indicate autocorrelation in the residuals (1st and 4th order). Nor can the Lagrange multiplier (ARCH) test for autoregressive conditional heteroskedasticity (1st and 4th order) identify any violations of the white-noise assumptions. In addition, the Jarque-Bera (JB) test confirms the normality of the residuals.
And finally, CUSUM tests do not indicate parameter or variance instability. This once again underscores the stability of the estimated relation.
In the introduction, we mentioned that some commentators argue that structural or uncommon factors are needed to explain the recent behavior of bond yields. To examine whether the foreign debt ratio d captures these structural or uncommon factors adequately, we use the cointegration relation of our model to calculate a "fair value" of bond yields. Figure 5 shows that bond markets were overvalued in the course of 2005. But obviously the "disequilibrium"
was not unusually high in a historical perspective. Our four variables seem to capture the evolution of bond yields quite well. Therefore, it is not necessary to revert to additional structural or technical factors. In contrast, the macro factors (i 
Forecast evaluation
In order to assess the quality of our single equation error correction model (SEECM) in forecasting exercises, we compare it with a random-walk-model (RWM). Following the influential article of Meese and Rogoff (1983) , the RWM has become a very popular benchmark in forecast evaluation. In line with the unit root tests, the RWM is specified without a constant or trend.
We run two different kinds of out-of-sample forecasts of up to 12 months into the future. The first are fully dynamic forecasts which assume that the forecaster has no idea about the future evolution of the right-hand side variables and bases his predictions of these variables on simple univariate time series models. Thus, the forecasts include only information that had actually been available at the time it was carried out. In contrast to this narrow information set, the second approach assumes that the forecaster knows the true values of the exogenous variables. Realistically, the actual forecasting environment should be somewhere between these two extreme cases.
The h-step-ahead forecast error (e t+h,t ) is calculated as the difference between the actual value of i l at time t+h (i l t+h ) and its forecast value (i l t+h,t )
,, The quality of the forecasts of the competing models is assessed using two criteria. The first is the root mean squared error (RMSE): (Diebold and Mariano, 1995) provides information on the significance of the relative forecasts.
Additionally, we calculate a so-called hit ratio (HR). It assesses the correct sign match and makes use of an indicator variable J which has the following properties Diebold and Mariano (1995) . Both forecast evaluation criteria -RMSE and HR -are discussed in Cheung et al. (2005) . Table 4 shows the two forecasting metrics as well as the p-values of the null that the SEECM and the RWM have equal forecasting accuracy. As is evident from this table, our model always outperforms the RWM significantly in the perfect foresight case, i.e. the average forecast errors of the SEECMs are lower and the signs of interest rate changes are more often correctly forecasted by the SEECMs. In the fully dynamic case, the predictions of the SEECM are also better than the RWM, but in many cases the differences are not significant. This is especially true for the RMSE where we are only able to beat the RWM significantly for the two longest forecast horizons (h=11, 12). Overall, the results underpin the superiority of the SEECMs, especially for longer forecast horizons. Moreover, it is obvious that the SEECM does a better job the better the forecaster's predictive abilities with regard to the exogenous variables. 
Summary and conclusions
Our results reveal that the development of long-term bond yields in the US can be very well explained by three standard macroeconomic factors which are widely considered to be the minimum set of fundamentals needed to capture basic macroeconomic dynamics -monetary policy, the business cycle and inflation expectations -augmented by the share of Treasuries held by foreigners. The latter variable captures the structural factors often mentioned in the literature. These four variables are able to explain the movement of bond yields in a stable manner. Further macro variables are not needed to capture the evolution of bond yields from 2004 to 2006.
Our forecasting exercises show that we are able to outperform a random walk model. In these tests, the fully-dynamic approach assumes that the forecaster has no information at all about the exogenous variables. An assumption that is obviously conservative in real world applications. On the other side, the perfect foresight case neglects informational deficiencies.
The random walk model which we use as a benchmark might be criticized as being too "naive" in that it can be improved by including more ar-and ma-terms. Nevertheless, it is standard in the literature (see, e.g., Cheung et al., 2005) . In this respect, one may be interested in further evaluation metrics, e.g. a consistency criterion, to check the robustness of our results. This is left to future research.
